A combination therapy of pentoxifylline with an angiotensin converting enzyme inhibitor (ACEI) or an angiotensin II receptor blocker (ARB) decreased proteinuria or glomerular filtration rate decline in early chronic kidney disease (CKD). Whether adding pentoxifylline to ACEI/ARB provides additional benefits on outcome is unclear in CKD stage 5 patients who have not yet received dialysis (CKD 5 ND). A prospective cohort study was conducted based on the Taiwan National Health Insurance Research Database. From we enrolled 14,117 CKD 5 ND with serum creatinine levels >6 mg/dL and hematocrit levels <28% and who have been treated with ACEI/ARB. All patients were divided into pentoxifylline users and nonusers. Patient follow-up took place until dialysis, death before initiation of dialysis or December 31, 2009. Finally, 9,867 patients (69.9%) required long-term dialysis and 2,805 (19.9%) died before dialysis. After propensity score-matching, use of pentoxifylline was associated with a lower risk for long-term dialysis or death in ACEI/ARB users (HR, 0.94; 95% CI, 0.90-0.99) or ARB users (HR, 0.91; 95% CI, 0.85-0.97). In conclusion, pentoxifylline exhibited a protective effect in reducing the risk for the composite outcome of longterm dialysis or death in ACEI/ARB treated CKD 5 ND.
Results
Patient Characteristics. Figure 1 shows the flow chart for patient selection. The date of starting ESA therapy for each patient was defined as the index date. Next, 14,117 individuals with CKD 5 ND under RAAS blockade were enrolled for analysis. The detailed RAAS blockade classifications are shown in Supplemental Table 1 . All patients were classified as pentoxifylline users or nonusers within 90 days after the index date. Among this population, 2,336 (16.5%) patients were pentoxifylline users and 11,781 (83.5%) were nonusers. The mean age of the users was 64.0 years, of whom 52.4% were male and 60.0% had diabetes mellitus (Table 1) . Compared with the pentoxifylline nonusers, the pentoxifylline users were predominantly male, more diabetic and more likely to visit nephrologists in the preceding 3 years. Additionally, for each pentoxifylline user, we identified three nonusers from our selected cohort who were frequency-matched with propensity scores that were calculated from all of the baseline covariates. After 1 to 3 matching, the distributions of propensity score between the user and nonuser groups of pentoxifylline were comparable (Supplemental Fig. 1 ). The nearest-neighbor algorithm was applied to construct matched pairs, assuming that the proportion of 0.995 to 1.0 is perfect 22 . Finally, we matched 2,118 pentoxifylline users and 6,354 pentoxifylline nonusers ( Fig. 1 ).
Add-on Protective Effects of Pentoxifylline in CKD 5 ND Patients with ACEI/ARB Use. The
total follow-up summation was 14,071 person-years during the study period. The mean follow up time was 11.4 months in pentoxifylline user and 12.1 months in nonuser groups. A total of 9,867 (69.9%) patients progressed to end-stage renal disease (ESRD) requiring maintenance dialysis, and 2805 (19.9%) died before progression to ESRD requiring dialysis ( Table 2 ). The incidence of long-term dialysis was 73.0 per 100 person-years in the pentoxifylline users and 69.6 per 100 person-years in the nonusers. Adjusted survival curves revealed that patients treated with pentoxifylline were associated with a significantly lower chance for chronic dialysis ( Fig. 2A) . Compared with the nonusers, the pentoxifylline users were associated with a decreased risk of progression to ESRD necessitating maintenance dialysis (adjusted HR, 0.95; 95% CI 0.90-0.99) ( Table 2 ). However, after adjusting for different covariates in the propensity score-matching model, the renal protective effect of pentoxifylline use was modest (HR, 0.94; 95% CI, 0.89-1.01) in all RAAS blockade users. We further found that add-on use of pentoxifylline to ARB monotherapy could significantly reduce the risk of chronic dialysis (HR, 0.91; 95% CI, 0.85-0.98) compared with pentoxifylline nonusers in the propensity score-matching model. However, the renal protective effects were neutral with ACEI monotherapy (HR, 0.98; 95% CI, 0.87-1.11) or concurrent ACEI and ARB use (HR, 1.03; 95% CI, 0.87-1.22).
The association between pentoxifylline administration and pre-dialysis death was also evaluated ( Table 2 ). The incidence of death was 18.5 per 100 person-years in the pentoxifylline users and 20.2 per 100 person-years in the nonusers. However, adjusted survival curves revealed that patients treated with pentoxifylline were not significantly associated with death ( Fig. 2B ). The effect of pentoxifylline use on survival advantage was modest without statistical significance in the propensity score-matching model (HR, 0.95; 95% CI, 0.85-1.06) ( Table 2 ). Furthermore, adjusted survival curves demonstrated that patients treated with pentoxifylline were associated with a significantly lower chance for the composite outcome of long-term dialysis or death (Fig. 2C ). We found that add-on use of pentoxifylline was associated with a lower risk for the composite outcome of long-term dialysis or death in those treated Scientific RepoRts | 5:17150 | DOI: 10.1038/srep17150 with ACEI/ARB (HR, 0.94; 95% CI, 0.90-0.99) or ARB alone (HR, 0.91; 95% CI, 0.85-0.97) in the multivariate Cox regression ( Table 2) . Again the beneficial effects of pentoxifylline on the composite outcome of long-term dialysis or death persisted after adjusting for different covariates in the propensity score-matching model (HR, 0.94; 95% CI, 0.90-0.99). In the stratified analyses, the decreased HRs of chronic dialysis and the composite of chronic dialysis or death in the pentoxifylline cohort were generally consistent across all subgroups ( Fig. 3 ).
Sensitivity analyses.
The results of the sensitivity analyses were consistent with the main findings.
The estimated effects of pentoxifylline use on the primary outcomes were similar, regardless of whether we redefined the exposure time (Supplemental Tables 2, 3 and 4), used the other two different statistical methods including as-treated and time-dependent models (Supplemental Tables 5), or changed the observational periods (Supplemental Table 6 ).
Discussion
The mechanism of the add-on effect of pentoxifylline might be explained by several animal and human studies revealing the effect of pentoxifylline on renal inflammation and fibrosis. Lin et al. disclosed that pentoxifylline could attenuate renal function progression in rats with remnant kidneys 15 . Furthermore, the authors disclosed that pentoxifylline attenuated renal fibrosis by blocking Smad3/4-activated transcription in a unilateral ureter obstruction model 16 . Navarro et al. found that pentoxifylline ameliorated the increase of the pro-inflammatory cytokines TNF-α , interleukin-1, and interleukin-6 in a diabetic nephropathy animal model 23 . In humans, the additive antiproteinuric effect of pentoxifylline has been clearly reported in type 2 diabetes patients with normal kidney function on RAAS blockade 24 . Limited randomized controlled studies had demonstrated the additive renoprotective effects of pentoxifylline in moderate CKD or diabetic patients. Lin et al. disclosed that pentoxifylline added to losartan therapy for one year decreased proteinuria in CKD patients with a mean eGFR of 40 mL/minute/1.73 m 2 19 . Perkins et al. demonstrated that add-on pentoxifylline may slow the eGFR decrease in advanced CKD patients (mean eGFR of 20.5 mL/minute/1.73 m 2 ) 20 . Recently, in the PREDIAN trial, the authors also showed that Table 1 . Baseline characteristics of study subjects before and after propensity score matching, by pentoxifylline use a . Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCI, Charlson comorbidity index; CKD, chronic kidney disease; COX-2, cyclooxygenase -2; NSAID, non-steroidal anti-inflammatory drug; SD, standardized difference. Diuretics included thiazides, loop diuretics, and potassium sparing agents. a All of the data are presented as n (%) unless otherwise indicated.
pentoxifylline addition to RAAS blockade resulted in a small decrease in eGFR and a greater reduction of residual albuminuria in diabetic stage 3-4 CKD patients 21 . However, our knowledge about the renal protective effect of a combination of pentoxifylline and RAAS blockade in stage 5 CKD is limited. Few studies have investigated the long-term outcome of pentoxifylline use other than its effects on decreasing proteinuria or hastening the GFR decline rate in non-dialysis CKD. This is not surprising, as the study periods were short and all the previous studies were small in scale. Therefore, despite three randomized controlled studies on non-dialysis CKD, evidence of pentoxifylline use on hard outcomes (i.e., overall mortality or progression to ESRD necessitating long-term dialysis) in patients with predialysis CKD is lacking. To the best of our knowledge, our large-scale, nationwide cohort study is the first to demonstrate that in CKD 5 ND patients, add-on use of pentoxifylline was associated with 6% lower risk for the composite outcome of long-term dialysis or death in those treated with ACEI/ARB and 9% lower risk of initiation of chronic dialysis in ARB monotherapy. A small-scale, single-center, observational study 25 had disclosed that the add-on use of pentoxifylline to RAAS blockade provided a better renal outcome than those treated with RAAS blockade alone in CKD patients with mean eGFR of 25-26 mL/minute/1.73 m 2 . The authors also disclosed that there were no significant differences between pentoxifylline users and non-users regarding the overall mortality in advanced CKD patients treated with RAAS blockade. Whether the result could be extrapolated to stage 5 ND was questionable. In contrast, our study not only extends the current knowledge in the field but also demonstrates the consistency and generalizability of the effectiveness of add-on pentoxifylline to RAAS blockade from patients with stage 1 to 4 CKD to CKD 5 ND.
From a clinical viewpoint, several issues merit discussion in this study. First, for patients with rapidly declining renal function and low GFR, including CKD 5 ND patients and rapidly progressing DM nephropathy patients, physicians usually do not prescribe ACEI or ARB, and these patients were excluded in many studies. This is the reason why research on pre-dialysis advanced CKD is limited. However, our previous study 13 demonstrated that ACEI/ARB users exhibited an association with lower risk of long-term dialysis or death by 6%, but had a higher hyperkalemia-associated hospitalization rate. The risk of pre-dialysis mortality caused by hyperkalemia was not significantly increased 13 . Therefore, pentoxifylline represents a promising and inexpensive add-on agent for these patients. Second, less is known about the relative efficacy and safety of ACEI and ARB in ESRD. There have been few comparative effective studies between ACEI and ARB in ESRD. In ESRD patients, ARB induced a greater anti-inflammatory effect compared with ACEI 26 , and an ARB in combination with another antihypertensive medication may Table 2 . Risk of study outcomes by adding pentoxifylline in ACEI/ARB treatment among pre-dialysis stage 5 CKD patients. Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; IR: incidence rate, per 100 person-years. † Adjusted for all variables listed in Table 1 . *Adjusted for all variables listed in Table 1 after propensity-score matching.
have a beneficial effect on cardiovascular mortality 27 . One potential explanation for the differential effects on the inflammatory response between ACEI and ARB may relate to their effect on bradykinin metabolism. ACEI not only prevents the formation of angiotensin II, it also potentiates the actions of bradykinin by inhibiting its degradation and by altering B2 receptor sensitivity 28 . Bradykinin induces fibrinolysis and stimulates inflammation 29, 30 . Since oxidative stress is often accompanied by an increase in circulating pro-inflammatory cytokines in advanced CKD patients. It is possible that the add-on pro-inflammatory effects of bradykinin partially negate the beneficial effects of interrupting the RAAS system and reducing blood pressure in advanced CKD. Because our observational study may be associated with unadjusted residual confounding, randomized clinical trials are needed to validate this association. Third, ACEI and ARB combination therapy is more antiproteinuric in the short term than ACEI or ARB alone 31 
. The Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET)
found that dual RAAS blockade was associated with a higher risk of serious adverse events such as acute kidney injury and hyperkalemia compared with ARB monotherapy 32, 33 . Combination therapy did not give a significant benefit with respect to progression of renal disease or death. Along the same lines, our study also demonstrated no renal benefit from combining pentoxifylline and dual RAAS blockade therapy compared with pentoxifylline and ARB monotherapy.
Our study was notable for its large sample size, its nationally representative nature, and the fact that the selected cohort was validated by a strict NHI reimbursement regulation. By selecting those patients 
Figure 3. Adjusted hazard ratios of long-term dialysis (A), death (B) and the composite outcome of long-term dialysis or death (C) among ACEI/ARB treated pre-dialysis stage 5 CKD patients by pentoxifylline use.
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CAD, coronary artery disease; CI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HR, hazard ratios. who survived longer than 90 days and following them from the end of this time window, we were able to control for survival bias 34 However, some limitations in this study should be acknowledged. First, our study is observational in nature and cannot prove causality. To assure adequate statistical power (α = 0.05; 1-β = 0.8, no loss of follow-up), at least 38,584 CKD 5 ND patients should be enrolled to examine a 9% relative risk reduction. Apart from the impracticability of conducting such a large-scale, randomized controlled trial, emerging evidence 35, 36 suggests that well-designed observational studies can yield comparable outcomes. Second, some laboratory data such as proteinuria or renal function are not available in the present study. However, these confounders in our study could be minimized because the model robustness has been tested in a propensity score-based matched design. In addition, the consistent findings of sensitivity analyses assure the robustness of this study. Moreover, nephrologists usually prescribe pentoxifylline in obvious proteinuria and overt proteinuria, thus nephrologist visit is a predictor of worse renal outcome. The use of pentoxifylline in patients with more proteinuria will bias the result toward the null hypothesis. Third, it can be argued that acute renal failure patients with transient creatinine levels > 6 mg/dL were likely included in our cohort. Therefore, we restricted our analysis to patients who persistently received ESA therapy at two or more consecutive ambulatory visits, and the result was not materially changed. Finally, the generalizability of our data is limited to the population of anemic, hypertensive CKD 5 ND patients under ESA and RAAS blockade use. The results may not be applicable to all CKD 5 ND patients.
In conclusion, our findings from this nationwide cohort expand the existing knowledge of pentoxifylline use from stage 1 to 4 CKD to CKD 5 ND patients who were treated with ACEI/ARB. Our cohort study reveals that add-on use of pentoxifylline to ACEI/ARB was significantly associated with lower risk of the composite outcome (chronic dialysis or death) in CKD 5 ND. Further studies with more sample size may be needed to illustrate its definite results.
Methods
Data source. The present study was based on data obtained from the NHI Research Database, which contains the healthcare data from more than 95% of the hospitals in Taiwan and 99% of the entire population of 23 million enrolled in the NHI program 37 . The comprehensive healthcare information maintained in the NHI Research Database included date of birth, gender, residency area, diagnostic codes, medication prescriptions, and medical procedures. International Classification of Diseases-9th revision (ICD-9) codes were used to define diseases. The study was approved by the Institutional Review Board at Taipei Tzu Chi Hospital, and the methods were carried out in strict accordance with the approved guidelines for researches involving human subjects of the Taiwan Ministry of Health and Welfare. Informed consent was waived due to personal information that had been de-identified in the NHI Research Database.
Design and study participants. The study was designed as a population-based longitudinal cohort study to investigate the association between add-on use of pentoxifylline to RAAS blockade and the occurrence of death before initiating dialysis or chronic dialysis in CKD 5 ND patients. The orders of the NHI-reimbursed ESA, usually prescribed by nephrologists, are generally accurate because the Bureau of NHI regularly audited the claims. Individuals who had a primary diagnosis of CKD and received ESA treatments between January 1, 2000, and December 31, 2009 were selected. The cohort has been described in our previous study 13, 38 . Based on an internal report of the Taiwan Department of Health, the ESA use rate was 85% in 2012 among stage 5 CKD patients who had not yet commenced renal replacement therapy. The median hematocrit level of incident dialysis patients was 24.2% (interquartile range, 20.6-27.5%) in Taiwan. Therefore, the selected cohort in this study was the most representative of CKD 5 ND patients in Taiwan 39 . The first day of ESA prescription was defined as the index date. We excluded patients younger than 20 years or older than 100 years of age, patients who received dialysis or renal transplantation before the index date, patients without ACEI/ARB within 90 days after index date, and patients who died or had commenced renal replacement therapy within 90 days after the index date. Comorbidities, including diabetes mellitus, coronary artery disease (CAD), stroke, and cancer, were defined as the diseases diagnosed within three years before the index date. The Charlson comorbidity index (CCI) was used to quantify patient comorbidity profiles 40 . Supplemental Table 1 .
Exposure assessment. The detailed ACEI/ARB information is shown in
Patients who had taken pentoxifylline within 90 days after the index date were defined as pentoxifylline users (n = 2,336), and the remaining subjects were defined as pentoxifylline nonusers (n = 11,781).
Outcomes. The observation period started 90 days after the index date until death or the commencement of chronic dialysis, whichever occurred first, or December 31, 2009. The primary outcomes were all-cause death before chronic dialysis or chronic dialysis. The onset of mortality was the date of death. The onset of renal outcome was defined as the date of ESRD development and the commencement of chronic dialysis for at least 90 days.
Statistical analysis. The baseline characteristics were compared by the 2-sided t test and x 2 test. In multivariable Cox's proportional hazard models, the effects of pentoxifylline were adjusted for age, gender, CCI score, presence of diabetes mellitus, CAD, stroke and cancer, the number of visits to nephrologists within 3 years before the index date (0, 1-6, or > 6 visits), geographic location (northern, middle, southern, or eastern/other islands, according to NHI registration locations), and anti-hypertensive medications. The study entry was defined as the 90th day after the index date. Patient follow-up visits took place until the time of dialysis, pre-dialysis death or December 31, 2009. The primary outcomes were pre-dialysis death or chronic dialysis. The results were expressed as HR for pentoxifylline users compared with nonusers. The proportional hazard assumption, the constant HR over time, was evaluated by comparing estimated log-log survival curves for all time-independent covariates. All assessed log-log survival plots graphically showed two parallel lines, indicating no violation of the assumption. The adjusted HRs for death or chronic dialysis associated with pentoxifylline use were analyzed among the subgroups based on the participants' characteristics. Additionally, because pentoxifylline users and nonusers have different baseline characteristics, we performed a propensity score-matched analysis in which we calculated a propensity score for the likelihood of using pentoxifylline by multivariate logistic regression analysis, conditional on the baseline covariates listed in Table 1 . All P values were two-sided, and the significance level was set at 0.05. The statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) and STATA SE version 11.0 (Stata Corp, College Station, TX, USA).
Subgroup and Sensitivity analyses.
To assess effect modification, we did subgroup analyses in pre-specified strata of clinical interest, including age, gender, the presence or absence of diabetes mellitus, coronary artery disease, stroke, cancer, and the nephrologist care. To assess the reliability of our findings, we conducted a series of analyses defining pentoxifylline use at intervals of 30, 60 days and 120 days after the first ESA prescription to minimize misclassification bias (Supplemental Tables 2, 3 and 4). In addition, two different statistical methods including as-treated and time-dependent model were performed to assure robustness of results found in our study (Supplemental Table 5 ). To look for any evidence of a cohort effect due to different patients' recruitment time, we also analyses for patients with index date from 2000-2007 (Supplemental Table 6 ).
